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V ■ : This iriyeihtion to. dhronlum catalysts 

oc cocatalysts to |ri]jierlze , bllgomerize arid/or o 
pol]^er4.z^?oief^^^^^ : This;;inyehtlbn alsib^ relates to a 
process to ti-iietize/ jand/pr :.pblym6rize 

olefins. •• - j . ■^. ' : y\ . •• - ^ 

; Supported chromium oxide catalysts have been 
a dominant factor in the prbductioh of olefin polymers, 
siich as ^polyethylene or copolymers of e^ylene and 
hexene. ihcise; catalysts can be' used inf a variety of 
polymerization processes. However, mp^t ichown chromium T 
compounds must be supported to be cataiytically active. I 
Furthepaore, xnost supported chrosiium;- compounds are 
useful only for olefin, polymerization. If an olefin 
copolymer , is iiesired, the polymerisation process 
becomes morie cbaplex in that two /differeifift monomers 
must be fed to the polymerization reactor. 

piefirj iriMrization and oligomerization 
catalysts are also known in the art, but usually lack 
selectivity to a desired product and also have a low 
product, yield;; Hdw^^ and/or 
oli^cmerizatlon, if done efficiently, is a process to 
prpyide useful olefins. These plefihic products can be 
further trimerized, pligomerizedi aiid/or, optionally, 
incorporated into a polymerization process^_ 

In .accordancck . with our Patent Application 60296/90 
filed 8 August 1990 there Is described a* chromium* 
containing. comp6i|Uid having the formula: 
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■:-4lsclQ8ure^^.')^(^^ ij. ^ 

<l^f Initipn of a phl:t»aii4ii;;^alt J G^naraljiy , the :clirbmi\m'. 
silt will tove a- fon^^^ X can iji the 

■SMje. or dif^ferent .and: cah iny-l organise, or " inorl^ic 
radical-, •. .^hd n .is ..ah .integer from -j 'to. j* . Exenp|ary ' 

■v?.iig9nic /radical^, cah- liaw ftwa/iibut ■•I'lto about' |o ■ 
carbon i^oms per radical , and ar^ selected f roa the. 
grc)up consisting of alj^l, alkoxy, ester, kotonef 
an^r aaido rascals. The organic radicals cai^ be 
ftraight^hairt«d or 

aromatic or aliphatic, iuid cfii) be aade! of nixed ; 

alii^^ic, aroMtife, a|i4/6r cyioloaliphktic grou^r 

Bx^laty inorganic radllnirs ihclude , but are not 

liaited to haiidesy suifates/^^^i^ 

^^'^^^iy* the <Arp:piiim 
suicii^s, fojr eximi)le^c^ 

flUMride, <a»ro?i9U8 cAioridei chroiric^^c^^^ chromous. 
breaaide, chrqmic broalde, (dtroBeuB iodide, duroalc 
iodide/ rand mixtures theteof. Mbst preferably, the 
chrtmium salt is a bhloride, such aai', for exanple 
chrqaious chloride and/or chroaic c*^ 
sinple separatlcmf of the,reactibn by-prbducta such as, 
for ex^ie, sodiu^ chloride, as we|# as~i«latively low 
■•.costv ,• 



.Substitutes pyrroles are ^. illustrated below. Said . first 
aspect of ±he inv^n|!icinept,oYiaes to' prepare a 

catalyst systiam. compii^ing reactlM^ 

^,.(a)'' 'a. met a i salt;.. • 

^ f J • (b.) pyri^ole ;6r a' substitutea^^^-p^^ and 

]: ®^®?<?«9^ Pa^^^^^^ reacting 

the resulUng. reactio^^ an^^ if 

desired^ ceaptingii^tte resulting reactibn. product with^ an 
■ .unsatUra^dvhydrpcarbc^^^ 

The ether in the reaction mixture' x^^ be one or more 
ether cSmpourids . to effect a reaction between the chromium 
6ait and the metaiv^ ^^^^^ 

by the6ry>i it is be.lieYed - that the ether can be a reaction 

sdlyeiit,.aa}B well as a pbskible reactaht. The ether can be 

any aliphatiq arid/or aromatic compound containing an R-OtR 

functionality, wherein; the R;:;groups can be the same or 

different,, but preferably is not hydrogen. Preferred 
ethers are. • 
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alljpiatic ;etaiera/^^^ aromatic 
ether^' are -huj^ Fiirth^ • 

c^Uiers' a'^reactioh between a 
diiroB|im;to^ lA^qr/iSroupv IIA metal '* \ 

liytxbii^ei^^ easily '^^om . the 

^cMct^ C!C^)ou«ide;yij^ but are 

not 

diA^t^iosq^^ 

•;;i4xt^e^^^ M68t:;prcifei^ly, the 

ether le : iiel^^cted f rom the^ group cncoheistin; of 
tetrahydrofuran;:4^^ of tetrahydrofurah, 

dimetlhoa^^thauie derivatives: pf di^^ and / 

Ifd^xtures/^ well 
as thei reaspn that the preferred salt of an amine is 
spluble in tlieiae etliers. . ; / 

. - ' ; ) - dOie tisuree reactaufits caii be combined in any 
iknner un suitable to form a solution 

comprising one or more of the invmtive phromlum 
compounds • The reaction preferably occurs in the \, 
abeehce. qt oaq^m aiifd moletiire and therefore uiider an. 
inert atmosphere, such a8> for example nitrogen and/of 
argpii. Thp reactipn pressure can be any pressure 
sufficient to maintain the reactants In a liquid state. 
Generally/ pressure vithih the range of frpm about 

. atmosidieric pressure to about tliree atmospheres are 
aod^table. For eaee of operation atmPspheric pressure 

'; is generally I- 'ieagployed. 

The precipitated inventive chromium compounds 
can be recpyered by any method known In the art. The 
simplest procedure to irraipve the prMlpitated chromium 

cpmpounds is^^ 

present iiwehti^^ useful as 

bataiystp or cocatalysts^cair^a^^ be prepared from 
salts of metals other than ctopmlu^^ metals 
include ido^^ odbalt, iron, molybdenum, an^^ 
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M-K a second aspect of the present 
in. accoraance wxth a ^^^^^ J ^ ^ • catalysts or 

invention. ti« .>Ja, m~^^ petals 
cpcatalysts. can. a^sO;be .5^^^^^^ invention 
other ,thgn chromum ^8a.d s ^ ^^^^^ ^^^^^^^^^^ 
provides a process: to ptppare . a u . 

desired, reacting the «BUlt g ^^^^^ included 

unsaturated hydrocarbon.. „ith the 

nickel, cobilt, iron, n«,lybdenum, and ^ppper 
Lcium salt, the n>etal oxidation state of 
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' othec metal c^a ^^^^ the 

/ eleiBiitai;' .or\meWlUc, vet^^ : " .These \h 
'V'":' '-'pyrrplides- cm/be/pnpara to. the ■ ^, 

' ' '"5, / ■ 1^ 

. '.''proved; by^ t;he^ci^0y^> -'ic^; 'bej-'uGfed .-eithef as .a* \ 

suj^brt^ arid/ipiir uhsuplibi^^ jsyBtem, for , ; ' 

■ ;'''oliBfijii;;trj^^ 

10 c^iA bp prepaired a 
' ;'jcdiMslim^ Bxcmplaty iccitalyet supports ' 

include, but: ai^^^^ to, zeolites > inorganic 

V pkidm,.. eitJw 

inprgahlc oxides, and idxture's thereof . Particularly 
15 . . pref^^ted^ a^ 

consisting of sili^^ silica-aluBink, alumina, 
f iuorided alunixm^^ 

alimlnophbsp^atje, alUDihu^ phosphated 
silica, phidsphated silica-^tltania, ' 

20 coprecipituited 8^^^ 

- al^lna,. and mi}^ thereof, beirig presently 
pilref erred, as yell' M ahy^^^^ or nore ;oie these supports 
which can contain chromiun. The presently most 
preferred catalyst support, because of the ^ 
25 triaerizatioh activity/ is aluminophosphate, ad 
disclosed in U.S. Patent 4,364,855 (1982) • 

. Tlie amount of chromiua' nnn^li<le- comppuiid per 
gram of support \can be exprepsed in different, yet 
equivalent terms, such a^, for example, moles of 
30 i^osium per g[riam of less than about 
. 8.6 X 10'^ moles of chromium per gram of support iia 

sufficient; Prefei^ly, about i.7 x 10*^ to about 1.7 x 
. 10-' tp 8.6 X IQ*^ Bol^B of diromium per gram of support 
"are iased, for reasons given above. . 
35 After the support is add(9d and thoroughly 

cbmbihed with the chromium pyrrolide, it can be 
collected by filtration^ vacuum dried, then ah 
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activati^ co^ound, 'iisuially as- a solution of one or 
, aibre. Lewis igb^ldii. an«V alkyls/ preferably in 

hydrocarbon cdiipbuhd solvent , is adlded. to the 
support/chfoiiiian pjnnrolili miW^ An active, 
5 supported <satkLyst; syiBtea then can be collected by 
flitrrtltto.. disclware, ;a Levis acid 

■ ■ " : is '4afined^^as 

coaqpouzi^ tlukt c^^^^ jjs^iB acid and a 

10 mrt^ alJqflv ^ described in the present 

" appli^cation, the ac^ya^ng coiqtound can haVe any 
/ niifldber of .i^bpn s^^ due to coiiaiercial 

- avaUidbUijty 
will usukliy coaprise less than about 70 carbon atoas 

15 ^ per^ metal px^ferably leas than about 

20 carbon atOBS pisr iblecule. Preferred activating 
c6Bi»unds which are both a ne^^ and a Levis acid 

include, but arck not linited to, alkylaluminum 
craqpouads, alkylboron cdwounds, al)vl»agnesiua, 

20 Vl^risino, ai^/or 9^ compounds. Exei^lary 

aetal alkyla include, bui are not lijaited to, /h- 
butyllithlua, sHfi^utyllithiim, t-butyilithiua, 
diatJiylMignesiua, dibutylsagnesiua, diethylzinc, 
trlethylflluminuB,. trimethylalumihuii, . 

25 trilsbbutylialiialnuB, a^ Most 

pref^irably, activa;bing compounds are selected froia the 
gro^p consisting of non-hydrolysed, i.e., not pre- 
contacted with water, alkylaluainuB coiqpoiinds, 
' derivatives of ai]qfialuainuB conpounds, halogenated 

30 allcylaiuainua conpounds, and aixtures thereof for 
iqprbved pt«Mvu5t selectivity, as well as inproved 
catalyst systea reactivity, activity, and/or 
productivity. Exemplary coa^pounds include, but are not 
^^i^^yl*!'*^^ tripropylaliminua, 

35 tributylaluydnua, diethylaluainim ohlpride, 
' . diethylaluainuB broaide, diethylaluainua ethoxide, 
ethylaluainua; ses^^^ 



best cataly^^ fiystea activity and product selectivity . 
The abst pte;t^ed alkylcauiinus co^ound is 
t^lethyialindn^^ for beat reSulta in catalyst system 

■ aj*iVity.auui'.;pipodu^^^ 

• ;;::^:•^.,/'^y ^l»o^*)P*•'.««!k stieh'-as a 

^p^^Y*^* yi^^^ !^ eainiiiiun pyrrolide 

■ catfaiyiBt •:■ vowiaiiy.; alKnit>''2bp'-i^^ of .abtlvatiiig ' . 

, .<»i^%dV vi.e; ^^a^ . ijewis ;acid,- .per, ' 

VspPMB;o£^,ei5|r<*iium^ ^:"Rcif erably^ c'isbput i: to •■ 
f^»*: ?^od :9ra^ as a metal 

alXyl ahd/w^^¥^ of chromium 

pyrrolide, ahd mbst^i^i^ tb about ao^^ 

9W8 bf actlvatihg coiq>bund, itueh as a metal ilkyt 
arid/or a i^wis acid, per gram pf chromium pyrrolide are 
«»ed, HCbr best^^^ Howeirer, the amount 

of activ^tihg bbppbixDd, mich as a metal all^l and/or a 
j«ris acid eqiloyed W Trnry with the catalyst support 
U8edv:i For exampio^ if the airport Is silica and/or 
alumina, too miich activating cbmpound, such as a metal 
alkyl Md/or a t^^ acid can dedrease catalyst 
acjiiyity. Hwwer, a ^ 
compound, such as a metai alkyl iuid/or a acid, 
lieed withi an alui^Ab si^port ^does not always 

significantly decrease catalyst activity, 
more brbadl^ 

hydrpcax^n eb^^ used as a solvent can be any 
eombina^ipn of pne or apre aromatic or aliphatic, 
unsatnra^ hydrocarbon cpaqpounds. While not wishing 
to be bound by^ thipryi it is balipved that aii 
unsaturated hydrooazbon cbmpound acts as more than a . 
solvent, and .ban be a reabtant and/or a atabilising 
component during and/or subsequent to fotaatidn of an 
inventive catfalyst syst^. Exemplary unisaturated 
.hydrocarbon ep^pbund^ for exaaple, a sblvent, 

can be «^y luisal^unted hydrbcarboh ccsppiind that can 
dissolve ^lactiyatijig ccppouhd, i.e., wherein the 
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-activating COTopound can be Lewis acifl and/or metal all^l. 
In accordance With. a third aspect of the present , invention 
in addition to. the arpmatic compounds having . from about 6 
to about 5b ,carbon atoms par moleciile as "a solvent as 

•described in our . above . application there can be used 
unsaturated aliphatic hydrocarb^^^^^ comprising less than 
about 2.0 carbon atoms' per mpiecule. Said third aspect of 
the present invention provides a process to prepare a 
catalyst system cpmprising reacting a ^mixtjire of: 
(a)'" 7 a. metal .'salt; ■ . 
(to) ,a. met a 1. amide; and - ' 

(c) an electron pair donor solvent and reacting 
the. resulting reaction product with metal, alkyl; and 
reacting the resulting reaction product with an 
unsaturated, aliphatic hydroGarbon comprising less than 20 
carbon atoms per molecule . Specific exemplary unsaturated 
.aliphatic compounds include •:. 




^^llQ^l^^^Si^^aTO a third aspect of .present 

c : iriyehtibn ih^adUi^m^^t the aroaiatic ^coppounds having^ 
.; (rbtt; abouti ;Cf to aboatSlT^^^ nolecule as a 

5 so^lyeht as ; d^^ can 
be :U|8ed unsaturated . s^^^ hydrocarbons 
less than ^but 2^ :carboh atods^^ 

ethylehe, yj^^ 

10 , thereoij^^;V jnie[ Uiphatlc 
. ; hydrocarbph; cm 
, of catalyst sy^^ stisps and ethylene can 

V: : be a trimerlzation j^nd^ oligooerlzatloh reactant*. 

'Specif Ic exemplai^ unsaturated aroaiatic hydrocarbon 
15 ; compounds inciudei ^^1^^ are not iittited to, toluene, 
bensehef; ig^lenej; i Msityiene, hexi^ and 
mlxt^ AjB described in our above 

J applicatibh, the noet prefexxed iansaturated aromatic 
' hydrocarbb^ com^ for ease of 

20 rembyal^^nd minimai interfer with the resultant 
-ca[talys€' system.^ .'''\^'-' 

The unisaturated hydrocarbon compksund can be 
.present either during^^ t^ initial contacting of a 
chromium pynolide and' activati^ conqpound, i.e», prior 
25 to introduction into a trimerlzatidh> oligomerizatipn 
and/or .pol]j^erization . reactor, or the m 
hydrobiurbbn compoun be introduced directly Into 
: the reactor* As stated above, one or mpre bf the 
t bieffln reaci^nts can be considered the unsaturated 
30 hydrocarbon. Preferably, the unsaturated hydrocarbon 
is present diuring the initial contacting of a chromium 
pyrrollde and. actlvatiiig compound In order to stabilize 
V the resultant catalyst system., in the absence of an 
imsaturated hydrocarb^ catalyst system 

35 ' can deactivate and lose activity over a period of time. 

While any ambunt of unsaturated hydrocarbon 
cbmpound can be used, too much or too little can 



adversely affeqt catelyst system activity; Therefore, 
•-^ Preferably/ t^e residtiuA 

of any excess ^mtsatorated aromal^^^^ 
. . ^^^iPPA*^? <>f excess unsal^urated 

5 can be acconplished by any method 
c as, for eaoa^jle, spl^^^^ 

^ ' * Exemplary reau^ nethbis ihclude; but are not limited 

c ; to, filtration, yaciwim^^in^/ 

ata»sphere^, ,and cb^toina^ 
*: 10 ^. wishing to be bo juid by theory, it is fci^lieyed that the 

remaining unsatiiratuod hydrocarbon can stabilize the . 

resultant catalyst system; If no unsaturated 

^^y**"^^^*?" is present, it is believed that the . . 

catalyst isystm.ican^l^^ 

' \- ^ .'^ alternative, and then preferred, method in 

■ V accordance vith the above application to produce i 

• supported catalypt system is to combine one or more 

V . solid, invOTtive ciiromi^ compounds with an 

\^ 20 disclps|d herein, so as to include, for example, 

: jvjv tolui^ofwd/or ethyls and an activating compound, . as 

ivv :A^^^!§^^.^^^' auch as a metal aikyl and/or a Levis 

• . ^^^V such M, for example, triethylaluminum* 

1 ' ; Incaccordance with a fourth aspect of the 

Vr\ * PJ^esant in(yehtion, a catalyst system can be prepared by 

\ ; Cabining a metal source, a pyrrole-containing 

V*' ■ . compound, and a metal allyl and, preferably, an 

^^^^^j unsaturated hydrocarbon coo^oiind, in a mutual solvent 

: vi^cut a preliminary reaction step using an electron 
30 donor solvent (for reaction betweeri the metal source 
^a PyiTole«containin5[ coBq^ 

Th e o pti e nal imsaturated hydrooajbon, f e r r- 

•**»Plo ;tolaener-i?sn^s^ as the mutual aolveht. In 
tto. absence of suc^l^^ 
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above) . Said ] fourth; a3pect -of the^ inviBntiqn provides a 
process to p repute . a catalyst.: system compifising contiBihing 
a metal source,, a /pyrroie^cpnt fining ..cori^^ a metal 

alkyl in a mutual. spIyenV. without a. preliminary rSacW 
step between the metal source and the pyrroie--con^^ 
compound in the presence of an electron donor solvent. 
The optional unsaturated hydrocarbon/ for ezaimple toluene^ 
can serye as the mutual solvent.* . In t'lie absence of ,s^ch 
an unsaturated hydrocarbon serving as thie mutual solvent/.; 
there can be- used # for exainple, >. 
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cyclotexane;::-Tb^e further: 

conittrise a catalyst >i^gport.>^^,^^ the netal 

9ource i». a chrpmlim rsbiurce^^^^]^ of -the other 
• metals ais -'de!5criU)ed'a^^ 

: . ^e chfomiua source; s 
dlscuiBsed 

inorganic; ch^ Jthe ciiTOBduia , 

•pxidatiOT .s=f;ate .^^^^^^ AsVu^ed in this .. '\ . 

disclosuiii, cteo^^ 

defxrii^lon of ^ bhrqi^^ cdiroaiua 
>>urc^ wiU ha^^^ be the 

s^ or different and can be any oigfanic or inorganic 
radical, aiid h is an integer, fraa 1 to 6. Ext^plary 
otganic radicals can have frok about 1 to ^ut 20 
qairbon rtoiw per Jxradic^^ and are tfalected f rdn the 
group consisting of aikyl/altoxy,^ keton^, 
arii/br aaldo radicals . The organic radicals can be 
straight-chained or branched/ cyclic or acyclic, 
aromatic or aliphatic, can be kade of mixed aliphatic, 
dromatlc; and/or cycioaliphatic groups. Exen^lary 
' inorganic radicals include^ but ant not limited to 
halides^ sulfates, and/or oxides. 

Preferably, the chri^um source is a 
cteomium(ll)- ai^/or chrdBium(Ili^ compound 
WhJjCh cwi yield al catalyst system with improved 
t^imerisation activity. Most preferably, the chromium 
source is a chr<»Bium(IIX) coi^und because of ease of 
use, a^n&ilabilityr and enhanced catalyst system 
activity. Exemplary chromium(IIl) compounds include, 
but are not limited to, chronium carboxylates, chromium 
naphthenates, chrooiuBi halides, chromium pyicxblides, 
''and/or chromiini dionates. Specific Wxea^lary 
chramiiim(lii) coaqpounds include, but are not limited 

^hroMum(IIl) 2,2,6, 6-tetramethylheptanedionate 
[C*(TMHD),], ,cAromium(III)2-ethyl^ CCrdlH),], 
: chromlum(IZI)haphthenate [Cr(Np)3], chromium(Ill) 



csMoridey^ 

chronic >^ fiubride, . 

dbiixn^Aim (inpjjoa^^i^ xilirpi4tm^ (III) 

: diclildxoe^j^iB^^ (III) acetylacetonate, 
5 chrOTlium (11^^ 

. - . ciirbai^^^^ laur:ate> 

. ; : i ckrombus . c^^ Iodide 
- ^^/^^ ^ (II): 

j acetite;\.j^>^^ nebpent- 
i: . : (i.I) steariite, 

15 cAa^bm^^ and/6r chromiua: (II) oxalkte. 

V pyrf ple-conte^^ will react' with ia 

' V.r : ' cluromlim salt to^^^^^ : Ao 

used in this disclosure, the tern "pyrrolercontaining 
20 : , coap6und**> to hydrio^en pyirr6lide, i-e., pyrrole, 

j^C^^) ; d^^^ pyrrolide, as well as 

: met^i pyrrolide.<^ A "pyrrolide** (or a f 

••pyrrbie? as referred X6- in the first aspect of the 
: ihv(^nti6h)5c^^ coapound conprising a S-nenbered; 

25 \nitr6gen7iM such as, for exanple, 

1 l^nole/ deriyat^^ pyrrole, and nixtures^erepf . 

Broadly ;„ t^ can be pyrrole 

. and/pr any heterpleptic or honolieptic netal cipoplex or 
salt, contfiiihing a pyrrol ide radical, or llgand. The 
. .30 pyiTple-cbntainiAg ci^ either af f irnatively . 

\ added to the reactibn^ or geneirated in-sltu. 

(Senenl^ will have 

' frpia alMut 1 to carbon atoms per nblecule. 

Exemplary pyr^lides. (or pyi^ 
35 pyrrolide (pyrrole) ^ derivatives of pyrrole, ; 
substituted pyrrolidas (or pyinrol^^^ 
pyrrolidef sodium pyrrolide, potassium pyrrolide. 
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cesium ig^^ 

K^6li«i?s :(or,i)y% ita not ilaited 

compounds us^ , inl a .triWiwiibn systw, are ' 

.iB^ected fr«Mi^;tte 

Py^<»ll<*«t e.=; pj^le (C^K) and/or 2 , is-dljaetliyl' 
pyrrole, ^i^eil Rj^Ie;^ 



prcHiuce catalyl^ v^lta^^^^ activity and productivity; 

W!«»l^f^^ a,5^ij«t^ can produce a 
cataljrst .ey8tea;w^^^ activity aiid eeiectivity 

to a desir^ trii»ri2^ p«Hiu such as/ fo^^ ejauaRle, 
tte^^ iariBerlzatlon of ethjriene to ;l-hexene, as wli as ' 
• poly*^;pr6iductioo;< ^ '■ 

r ^^*»V aiw) refarrei to earlier es - 
an activating De any heteroleptic or 

hoBqleptlc -Mtai alicyl coliipound. oi^i o^ mdre aetal 
aUtyl. can be iiead.: ^e lig^ndCB^t^^jj^^e^aetal can be 
aliphatJc^an^pr aromatid. -fe^^^ the' ligand(s) \ 

at^ any saturated o^ unsaturated aliphatic radical. • 
The Betar alky! can have any nuabw- of carbon atons. 
However, due to caj^arcial ayaiiabillty and ease of 
use, the wet^l iUtjfl. will uaualiy co^rise less than 
about 70. carbon atone per netal alkyl nolecule and 
PWferably less than about 20 carboii atoBs per 
niblecule. Preferred .etsl alkyla include, but are not 
plaited to,' alJqrlaluniiium conpounds, alkylboron 
compouni^a, alicylBagnesiua ccMsw^ 
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10 ciOTipdi^ 



^i*;^^;f^W^>^t©^ ■ water,;. -'aa^ ' . 

thewpf for iqp^^ ^rodi^ iieiectlvity, as Well^as 

and/or; 

BXOTjpiar^^^^^ but are . not - 

l^lkllie^ t6, jt?iathyiai 

diethylaluBi^ 

e^Vlaiuadnim and iisctuw^ ; 

^^^y*!^ ^^tiei a&rt tvitj^^ and pttOuc^ 

triethj^^ best ^^BS^ system 

aetiyity arid product seiiac^ivity/ M veil as conrorciai 
^availabilityl /' ' 

: M ^tea is the 

deislred producib# 1^9 aci^lyatlzig co8«^^ Bust be at 
least one non^hydrolyxed alkylali^ coflpouiid, 
iu^ressed: by the general foraulae AIR,, AlRjX, AlRXj, 
^^<^i AlibKMi> ma/or JU2*yS> Wherein R is an alkyl 
grmqp and X is a halogen atba. Exemplary compounds 
incliid^i , biYt ^xm xkot limit^ to , triethylaiimiinuii, 
tripiropylalumiiiiiai trlbutylkluminua/ / . 

dlethylaiuminufflchloride, diethylaliminumbroiide, 
die^y^ialuainu^ diethylaluninum jihenbxide, 

ethylialumiJiuaiKtlM ethylaluminiia 
Msq^icUorideV Inferably ^ the activating coa«>ound 
for a teiBeriasatlp]l.cat^^^^ system' is a 
trialkyi^uBdni^ AIR^; for reasons given 
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source a 'Hfj^i^^^ 

.-■. V :^ .^v-.^i3i^ ; . -'^ V 

irW^oca^^n rsactlcm; * 

■ 'caialyrt ■•syBtea. ..The 

•uns^tiuiat^ Kydrbc|r&6nl©^^ have ^ liiaber of carboh 

hy^'baxbon ifi^'^^c^^ carbon; 
"AtopB pBr| ■oie pii^ierfibly les^ than about 20 
- cax^on atou )^ c^noiercial 

liciiild, pry TOiia. ; Ihorou^ 
^^'^^Wt'^ ^aixing of the chromiuif salt, pyrrole- 

the unsaturated 
hy^niirarl^ik vili ^/i^^ a vliquid ahd/ok dissolved state. 
Ek^ltuqr unsatun Ihciute, 
>«tl««.^>^^ 1,3- 
''"^N*^*"®' an* aixtMres. tl^OTBip^ The most preferred 
uns^tunUtd ailp^Uc^^^^ . 
e^ylene oah^^b^^ 

^biigmwiiatien^^ 'a^ Exep^lary 
^a?^«?atod arioBatic hydrocarboiioL; Inelwle, but are not 
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: -&Q^fft6n^ - Eastern 



'^|ppJ!;yx^ the 
^!uncfa;t^ to introduction 

;of^ iJi^iiclu^^ reactor, cm ijqprove 

ibataiyst^j^^ pxrpduct se^ 

Jtei^^ be 
apnO; in axjY^ msu^^ iji: th^ sud^ as , for 

;.;exa^l€^ 

,^prt^^ of ;.an 

;"*iiriwmt^ 

- ^W|i^ UM^it^i^ aroiatic hydrocarbon is 
repo^Vp;^^ reactoTr the 

coi^ibmt^ solutibh of an inventive 

ci^taiyst^^ 

co^^tlible ^ ji^^ • the^ vtria^^ oli^jdMrization ; \ 

prpdess; to iq|»r6ye ease of 
ha^^ catalyst systea. GensrailYr thei 

soivimt. if \the diluent.. . Pref erredi . 

solym^ ihpliid but are not iinited to cyclohexaiie, 
isioibutme/'b^^ 

V ' The 1^ aijEK>\cm,taJ|^ . 

in l^e preaence^ 19ie presence of a 

haiide sbturcioi i^ thb; reaction mis^tere caii increase 
catalyst ay8t|Ba a as wall as 

. increase pro^ aeleibtiylty. Exenqplary halides 

not iia^ited to fluoride,/: chloride, 
. :brpaide/;:ahd/6jt icidide.-V ...i>tts" to ' ease . of we 'aind ... 
^aVailabllil^, <^ %u tihe prefei^red hailide« Bas^ 



r. .- ; I-: 



■:. •••• . 



6n Ibb)^^ st^lectlvity, 

^rt^ inorganic -"'r 

^- • ' ["^^si^^ . ': 

s /.;.y.^(pf^^ - If X is "an 

■f: ^^i^^^^W^ is -cii^ected ..f ^■ 

-'^ - ' '15 -'"'^i^piqetp^ siiioon^i^vgarBaniuB; . - 

j^. ■ -vhy^w^^ tin, ::^^liimir ' indium, lead, ■ 

^i^:i]iaii^^ ' ■ . 
^ jjtelucto^ il?ii^d;^o^ nefchylene bhloride, 
c^pixl^f silicon t«*rachlori^ ^in 

tftracl^^^ aliffldiram trlbromide, : 

■ . Uupodn i,4rdi-^bro»^ and/or 1^ 

•. A , , - :'^..-;bro«oi^^ 

'i' ' \: ]■'•:'/ the metal 

. 25 allQTl^ sii^ hydrocarbon can contain and 

halide and is 

us ed iU^^ 

^ ease:: of usfi ind cg^^ as >all as improved 

3 6 ^ caJM^iyst systW^^^a^^ • 
Eke^lary^ alXylaluminum hali4e8 include, but are not 
limited tor diisob^ 
/ diethyialindAi^^^^ 

; ; ' etbyialuminum diet^ylalimlnum broo^ 

35 difiihylaiib^ and mlxtiures thereof. 

1^ catalyst system is tJie 
desired prbduct, preferably, the. reaction mixture 
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.tj|o-,hali^^^ ■ ■ 

.. .... 

'/.Py»i*oi^|90.^ii^^^ 'to':! addiliioH. ■ ^ ji'-- 

~ l|ft^^|xi^tj|^^^ ]pir«i)are, a- 
..... . -.r .:*^">TT'!^^'|^!!^^ 

■ ;9^<§?^:'''.^|»^ trlai*iriaaii6*» ^catalyst'-:-. 

,<*J?W^^ to^ab^t 50 ■ 



araaUy''abonit^ i to'about\75:'-'' 

' If » pptional l^alide source la present, 

■•j*^»|;. l-'^o;ab^ of/'ha'ilde, ■■ ' 

5*l*^i?itea ai^ 1^^^ are ptasent. Most 

ft,^'^!^^iio^-.i^-^i^^ ■■ as; the elencoit 

! » iie ■cwnbincW'iWi^^ 'f oar, aoles- of ..pyrroiie-' , 
cen^lniiig crap^ lioles of aluiaiinim. as 

the^^leaent (|d) >|.ln wcess of tmaaturated ^ 
hy^c^ime^ /^f^ ai^ aoiirce is present , 

TOsi^pref^^ 2 15 viftol^ of hallde; as an element 

• >^ ewra4:6^ py^ conpound does 
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. not anP«ar to iiBptwe, catalj^t systieiB activity, 

hy4i«3iwjaK>ii systea stability) 
'activity ««^0|r««eiiisti^^ - the .'. 

\ iiiwaturated: -iij^ 

:• "•lectlvit:^ .^lidO'or abldyity^ iiai^ialuBimiD 

;;s«l«<*iy:itir^ > '^-.li^tl^' alkyialddinW csp result in^ 

. iiice^;i0tjB £p in ^ 

t»^, call r«fult i^.iW 
' incrinse to fc^yrproductii. 

>A excess of; ^ aottre* can deactival^ a' 

'i *^«t??-y»t iBystpi, ; and /therefore can result in decreased 
f y'taa acitiyity. As sUted earli^ presence 

pf a^halide sourcji .caii Increase catalyst systen 

aic^iyity and i^rdduOt. s^^ 

In j^H^ aspect .Of the. 

Inv^tiort p]:af^xaib],y the^^^p boi^und is 

present; i^: the i^eactlon 'iik^ the netal 

f oiupe pr^^^ to^the intt^tirtioii Of the aetal alk^l . 
- If tJils iprcteC: of addition is f olloviiad, a bolster 
. ca^yst ..sirstj^,; ji^ t«ais ,pf prodajpt . selectivity and 

cataiys^ systeB actiyil^ pift^tactivity , can be 

prodtae»d;.;'N^ '.'^ ' 

c: s The reaqtion prefejrably occurs in 

^ «£yg«n# ^cfh cim 4teai:tivate t^^^ and under 

,anh]^tis coitions; in the initial absence bf 

' « ^^Brt atabsphi^ as, for 

ejampl^^^ lipit preferred, 

Additiphauy, the Mt^^^^ ^tal 

.■aikyi; ■ ■• ' i .: X ■ ■■[■■■■._' 

,.V: J^action" pressure can bei any pressure 

^i^^Hj^* prjBsswes; wit^ range of froa about 
ab{Qsj|^^rie picMi^^ 

acceptableV foip (tase oif i^c^ation atBosjdiaric pM^ 

: .-ia jgifN»iBcaUy:«^ ; ' 
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:VV ^/ v...:;Tiw^;.r^ any -' 

^iBflpc^ra^^ ortlw^^ • -pote: efficient ^ , 

: mixtoii::^^^^ .giii^n^. above, are 



• nepes^ry^ ctah 

;;b!i8 -.q!^^ :pf . tine 

^^SQ£ti^^ -veil ' as' th^ 

V'jCHBacstib^^ can' ' 

\^iir.;;'r#u^^ be";- ■ 

/suffieli^ tine; is iesis than ;a^ , 

60 jdi^ pptibiun :jspihdi^ the reactiori 

• ^^v^ range; of Jf rbn i^put l!: aecimd to 
jabo^ 

;;a^ttiOTti^^ ••tinM^ ^iay not /allov ' "\: 

^ MfficliM reiiMfion^^ ' 

syst^ap fic^ pre{>at^ accbrdui^ Vith the f otirth 
.^qppet.^ot reactor by 

i^^^^^ As 
s^t^^ include, 
b:St are jiot^llnite^t tpi zieplites , inbrgani^ ; oadLtes , 
either almeL bxr ih co^^ inorganic 
joxJdb^,^ particularly preferred 

are suppctr^ TO^ 

siiiu, 8^^^ alunina; fluorided alunina, 

siiatttd alun 

j^ihosfAia^^ silica; id&biri^ted alunina, : ^ 

siiica-tltania^ c^^ ' ^ . 

f lupridiaiV^lated alun^ thereof, being 

presently preferred , : as well as any one or nore ' pf 

::thea^^^^ Vbidi: can contalh bhrpniun. the 

presm^^ mst pjref catalyst si^port, because of 

; ^;:gxeatei9t ^ ttineri . . ' 

ai:iiniiu>]^08p^to^ 



4/364^855.. l^^ a hetdrogeneous 

catalyst isystam/ fus^ in a t^iaerization or 
ollgoaie^lzatiori process, caii decx^ease undesirable 
foritiatioh' of . polyner.* v - 

Hetc£t«^meou8 
and/or polymer^atioxi; bai(»il]^8t sy^^ . also be 

prepared in accoirdance. witt the 
ifiyentioii by. f oriij^^ a reaction mixt coqirising a 
chiOTitw soi^^^ I>yr?:ole^co2?ti^ a metal 

,aUyl/ M Umeti^ hydrpcarboii. Mid m inorganic 
oxideiy : as disclosed earlier. ; jC^ibnally, as disclosed 
earl ier I a halide source can be addedi. iReaction 
stoiiAipinetries and ineaction conditions are the saae as 
those dlsoidfl^ed £01^ «ie second eabodineiit of the 
inyehtioh. ^/-^ ■ J' ' 

1 ; ^y^^ce^s/ of chroi^ source, in relation to 
tiie iiiorganic oxide catalyst support, is sufficieiit. 
However; usually, less : ttaii about 5 grau of diiroiiiuiii 
pyrroli<te comppi^^ per grap of catalyst support is 
sufficient c Preferably, about 0. 001 to about 0.01 to 
^ • ^ ®* chroniua pyrrolide coiqpound, , or chromiun 
soutce, per 9:am of support is usiid for best support 
loading and :Bost efficient use of the reagents. Tbe 
»upt of cla?^ or chro«ium source, 

cbapouhd per grra^ ea^ressed in 

dif ferity yet equivalent terns, such as, for eseample, 
Boles of chromiua per gram of support. Usually, less 
than abcmt 8.6 X 10"' moles of ichroBiuB per graa of 
support lis sufficient. I^fera^^ about 1,7 x 10* to 
abput X.7 X 10"' to 8.6 X 10-* iiples of chrouiua per gran 
of support are used^ for reasons given ^>oye. 

The resultant heterogeneous catalyst system 
can be collected by filtration, to recover a solid 
catalyst system product. The solid catalyst system is 
preferably kept under a dry, inert atmosphere to 
maintain cft^emical stability and reactivity. 

pur Application No. 60146/90 filed 5 ftugust 1990 



describes poiyB^rl^^ cocatalyst 
systems , ttie cocatalypt including the ihventiye 

Chroaium COnfiOmi^ 8 August: 1990 

Gentealiy^ jpQl^^ systeas arie ' • . 

considered elthjer cteomitiB catalysts (also taoyn as . 
^Phillips c^^ :tttahiunV ;?ircbni and/or . 

^■yanadiun-OT ' 

Any ct^ art 
' cian be ;^8ed • Conrnwclally ayailable throf^iui catalyst 
systesis.^ t cpiqpirise chromium, at least a portion 

of :.wjfciic& Is in thB he^avalent state,, sii^po^i^ an 
.inorganic^ oxide; optionally , t^ 
catalyst system can furthi^^ metal all^l co- 

catalyst. Exttnplary- chromium catalyst systems include, 
ibiut iare nbi limited to those flisclosed in p.S. Patents' 

3i 887 ,494 >: 3 f 900; 457 1 4', 053 ;^36 ; 4 ^ 151, 122V 4 , 294 ,'724 ; 
4,392,^90? and 4,405 ;r5^ 

Aiiy titahitim, ^zirconium and/or vanadium* 
containing cataly^ can also be 

used.^ Commercially available, titanium, zirconium . 
and/or vanadlum ocatalyst system typically comprise 
cqaq^lexes of^^^ 

brganometallic compounds. Exemplary magnesitiq/titanium * 
catalysts include, but are not limited to, those 
disclosed in U«S. Patents 4,3^94,291; 4,326,988; and 
■ >,347,15a. ' . 

The amount of novel trimerisation and/or 
bligomerizatioh cocatalyst systems, including the 
, inventive chromium compounds used ais a cocatalyst can 
be khy amount sufficient tqi generate a comonomeir that 
cah' be incorporated into the polymer product. The 
chroiEdim catalyst systems prepared by the various 
aspiects of the present invention can serve as 
cocataiysts in conjunction With the titanium, zirconiiim 
and/or yahadiim^dntain discussed above. 

The process of the above, fourth aspect of the 



\inv(ention In coidbinln^f thie metal source, ahd pyrrole- 
. donibaining compound, - and ^e mejbal alkyl, and, v 
pi^ferably an unsaturated .hydrocarbon avoids ttie need 
to isolate the first reac^^^ 
processes described in pmr adsjoye-iBentiQned . 
applications. Fiirtheraore, tHe catalyst systems, 
produced by Jihe process : of fourUi aspect of the . 
Ihyention have impjnpyedi productivity and selectivity to 
the desired . trl$eri?^ in 
producing ; bijie^hexene from ethylene;. 

Reactants applicable fot use in 
polymcnrlsatipn with ^e icatalyst systems and cocatalyst 
system^ and. processes of this ' invention are, oleifinic 

. Goispouhds .whlqh can '.polymerize, i.e., react the same or 
V4:th otiier;plef ii^icccoiq^unte Catalyst systems of the 
inyeii:bion can be used to polymerize at least one liheat 
or branched mono-l-olef in having about 2 to about 8 
carbon. catoms. Exemplary compoimds Include, but are not 
limited . to, ethyiene, propylene, l«-butene, 1-pentene, 
1-hexene/ l-*bctene, and mixtures thereof. 

The catalyst systcos of the present invention 
are also useiftil in oligomerization processes using 
olefin compounds having from about 2 to about 30 carbon 
atoms per mc^lecule and having at least one olef inic 
double bond. ; Escraplary monb-o.'lef in compounds include, 

,butare'-:k^ limited' to acyclic <ind cyclic olef ins such 
as, for exaniple, ethylene, propylene, l-butene, 2r \ 
butene, isobtttyliBi>e, Irpehtene, '2-pentene, l-hexehe/. 2- 
hexene, 3-hexene, l--tieptene, 2-heptene, a-hisptene, t^e 
four normal octanes, the four normal nonenes, and 
mixtures of any tvo or more thereof. Exemplary 
dioiefin compounds include, but are not limited to^ \ 
Ifl-butadiene, isoprene, a,4«*pentadiene, and 1,5- \ 
hexadiene. If branched : and/or cyclic olefins are used ' 
as reaictants, \vhiie hot wishingi to be bound by theory, 
it is believisd .that steric hindrance coiild hinder the 



; Gaelic p6riiQn(B) of be 
/distantivtipott -i^^ '•'V.j ^ 

5"v " ^definiBd as;the:'c^^ :pi.; B^re'/ 

• ■■' colefiJ^8,■;^*Mte •" 

• rvbond6:;is: ibr-.W 

heieB^ give 
if5r<qrcipdc^^^ which 
v^._ '* ■ *CM*'r^act'. wi^^^ ; com^undB, . i.e. co- .• 

?.5 trlnerize/^to 

; ^exanpie, cbrtrismriza^ b)e ethylme pliui hiexehe can 
■ gfive oiua dacene wnA/ja^t l^tett^e^ co-tiiaerlzation 

• ;^ of bthylOT and l--but<mne glvies o^ octane, co- 

: trimorlzatlbh of .1-decfene and ethylene can give i- 
20 tetradecehe and/or^ 1^^^ 
i; 3-bu^dime ' an^ 

octadiBcadl^e^^ of rolefin .bbnds 

in the coid)inatid^ of three ethylene units is reduced 
by twb, tp one oli^f lii bond, in 1-hexene. In another 
25 exaiBpleV the ni^^ of olefin bonds in the boibihation 
Of two l«3rbutadien^ units, is reduced by two, to two 

- olefin bonds in li&rqjix^lc^^ As used herein, 
thj* 'term "tr jjnerisatl^^ is intehded to include 
dimerization of dlolef £n8 , ais well as "co- 

30 trlBerizatipn", botii as defin^ above. 

J Suitable trlBerizable olefin compounds are 

- those caBQEMp^^ liaving f roa about 2 to about 30 carbon 
atoms per moleculb aiid havingf at least^ one bief inic 
double bond. Exraq;>lai^ mono;^olef include, 

35 but are not limited to acyclic md cyclic oleicins such 
. as, for example, ethylene, propylene, l-butehe, 2- 
butejne, isobutylenck, 1-pentene, 2-^pentetie, 1-hexpne, 2^ 
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polymers, can b^ -prei|^^^ catalyst syateBi p? 

this IrtyMtion s«>i^^^^ xrWctlona, Blurry riuotions, 
andfi'or .gas Ed^s^ r^ 
ponv^tiqnal e^il^i;^. 

Contacting of tb«)aohagB«^ «c nonoi^ 
Bystem or with tha poiyirt^ 

tr^etlzatlpn/pligoBax^^^^ can be 

. «»y in the art of hdaogenebus 

(Uqpiid) pr J^tiariogiiiw 

»tt»P«Jd the catilyst systea 
in an o^aunlc aediuA isd to agitate the aikture to 
\^.aaintajj» oatilyBt systea in suspeniion throughout 
>pie triaeti^atiop, ^oligoperiEatieii ^ 
^ly^isation prbceBB. other known contacting methods 

as fluidized bed, gravitating bed, and fixed bed 
^< ^ f^ioyed. bnia convenient method with the 
. cata^yBt/coeat|ay8t Bystm 

Polya^rization <^t9lyst system in an cirganic aediua and 
t6 agists Uie mixture to maintain the, polymerization 
catalysi^. system in suspension throughout the 
trimerizWtion and/or polymerization process. An 
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I- -pbl^li^ cocatalyfft • 

^^^^^^^(^ pt.;tibM-:^ arid/or 



'(J^sS^^ ':Cjin; be.' 

;<3?^^3rai^^ ^ vithln a . of;- " 

• .• ■ ' 

, 200 -i^^ to V •■ 

.. isq^-Cyo-^;^^^ pressures .sire^ 

::"wIti^in.v-4^ 2500^ psig* ' 

;i^ibB^«^ .about;4ii^ pilg: and ■ ^ ■ ^ ' ' 

.;/•• !I'o6;iipw^ teofpibtature'can'<pr6dU 
J:oo jsu^ in*bluble produdt and tpp high of ; 

;a->tp3Bj^^ 

'-systim-^^ ■ 
l^^hi^ kn^«ir^^-<^ too much 

: ; Cft>ilpni^ iiydro^ can be added to tiie 
reactor ^ ac^ aiiid/br : increase 

? cataiyiB|t.;i:^ 

:y -- \ The * pa^^ of this- ' tnymtion-'ai^e;' 

partiCTllu^^ MCI in trimerizatloii an^^^ 

oligpaerizaibip ihe slurry process is generally 
carried but in an . iiiert diluent (aedium) , such as a 
paraffin, pycloparam or aromatic hydrocarbon, 
/ibeem^a^r but lare not iimit^ 

te/: isobutehe an^ Isdbutane can decrease 



. • -. < 



' thfii ; svi^ili^ ■'6t-- t^^^ • ^ : HiarveviBr , a; v 

systea^ a 
pre|err€td^'d^^ or 
: pilgbii^e^^ ' iand a pi^f erred 



V- ' : ;dilumt'' :fpr.;arh^ 

-oliigbme'rlz^ :'\ 

V'tAcf jrA^ cah "be ' 

ao uioiV ;■' J^Sa^einib 

'"'■^ etijritobi-/ai-:-' about 60/ to- '^ 

■ ■'v^:;abcMiit<i5b'Civ^^^ 

:;;;:'v.A^v'asio^^ catalyst .systen 

; \ ■;and::^pcataly»t-^^^ pr^seni 'ih; a ; . 

15' ppl to pripduce a polymer 

^ yith a i^M^ as, for 

caiomple/.jira x^elt liiidex, high load melt Index and 
Qoleciilaur m Usi^llyy to about 40 parts by 

^ : . w cocatalyst 
20 system xi^ present for ea<^ pa^ by weight of ; 

polymerizatibh catalyst system. Preferably, about 1 to 
about 2^^^ parte cbjcatalyst systi^ part 
polymerization cataiys^^^ and most preferably, 3 

to 15 parts by irelght bbcatalyst system for each part 
25 pplymerizatioii catalyst systim are itrasent^ to produce 
a polymer with desirc^^ . 
.tiharaoteristics; ■ • 

••••• TtiB clef inic and/or pblyaerlc products of 

30 this inventioh have established utility in a vide 
variety ibf appiicatiph jsudi as, tor ex^imple, m 
mbnbmws f or upe in the preparation ok homopolymers, 
/cppoiyaers, and/or; t The polymeric products 

. of this invention have established utility in a vide 
35^ variety of applicaton.such as for example, 
: polyethylene. 

TUB fvurther iinderBtanding of the present 
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15 



i CqS<>*«>» ^^^^^^^ 



as a-? octane ais cy 



i; dodecane as C^f 



20 



25 
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tetJBidecfSiis. ali C,i-. 

!D^14 g (0.2i Of 

0,9 aitquot oi m "lotion wre 

^:.:c^ii^ 9t^i^ (CP giradeV^o a 1 l^er 

« iikWlvst ayatea. The reactor was sealed and 
pre.«^:^- in^aed to a total reactor preasure of 




550 jpslg.^^ ~ ori dirawd f or a 30 

aiim^r-riu/^ sfu^ of ' 

: smalyzec^ chrcpa^pgrai^ The 

:^e&aini;n9 • :i>rpdub^^ vas" ayaporated and 

rciBUlt^^'a^ XXItt. ' J 

^"-iCft^^pTO ;ih.' Run; -1001 was • 

soliiitien ^^^^ a ooliatioh ^(10 n^^ and 

reactor . ^^o ;|^^ i^tiroduced into the 

reactor. Xhe resuii^^^^ 

.^xxiii^---^^- ;^ [^... \ '.,[ ^'.-~ / '■■•• 

. ^Xhtb procedure djeiscribed In the ftim, 1002 wae 
fbliwed .c^ (0.29 mol) Qhin^ 

acetylacittohate ^Crac^|C3) , lCr (C^HfiJi^]/ was stO^tltuted 
f or CrEBj u mnol) In 

heptane^ vae used lii t^e foriiatlbn of a Qracac,/Pyfi^T£A 
splutlpn (8 total yoluM • A .1»4 ia aliquot of the 
Crarac^Py^/ to the autoclave 

reactor* Zhi reaults^. are silniuBiriaBed belov In Table 

^xxiij. ;■■ ■ ■-^;\*^"; - ■ • 

... The^|r6cedure described in lluh 1001 vas 
f oliovM mce^ ail H isblutiph (0.9 lotbl) of 

dletOiylaluBinupi^ [AlClfCj^),] , in 

hexanes vas added ^ t&e CriBiBt|/PyH sblutipn. to forn a 
brEH,/PyH/D^ 

CrBlj/PyiB^DEAC solutioh and 0^9 ml of a 1.1 H soiution 
(0.99 mnol) of TEA in heptaM w added to the 
autoclave .reactor. Tte results, ure suuariz^^ beloir .in 
' Tai9le'xxiIZ^7 



; ./••^ '-^Iho-^ 

\t^ilkii^ mmol) of" 

•DEM ^ in heacii*^ solution and 
the wi?]4lt^ for 1 day 

atyiuBdaicai^ ' ' 

; sbluti^ ? ^M^pivti^ 6i i ?9'' vmol) .of _ * • 

; TbfS^/t^ulj^^^ }ftMftlov.|li\ Tibiit ; kXIZZ • ' 

J:/- j; diBflic^ in Ruit - XOOl . was'*^ . 

pyx^ p.l Hpaolirt^ (0.1 , 

\jMc^ •-GSlkc ;vaB ;.(a4ded:>loi^ vltli '^th^ TEA -- 

l5p.>^ie '.i^ewite^^^ •.kli^6t^*:of^^ . 

\:8lc4uti^n:i^^ ie«ilultfr are -. eiipi^ici^. below ;ln 

■^'■'■■'^^ ilun 1003.;Vaia -.;*• 

foiiovid ex4<^t i:^^ solution <5^7 amol) of 

;^T]BiA in' toluo^ for - 

i: t|^ the foirmatioh or the 

GrEBj/]^^ of toluejje was 

present^^ ^xiBBCtotJ-'h 6,9 jad. aliquot of the 

. 'mm^^ ii|;;T4Ale'; nciil. / 

• Ttie p^bc^ure^^ d in Run 1O02 was 

folibved esraep^^^ bf a^^roalua (HI) pyrrbiide 

(Cripy3)v^^[ 

aiidsstituted for: Cr|ra^> and spiutlon was prepared using 
0.^04 Bl jOV^^ 3.5 al- of a 1.1 M TEA (3.85 

nmol) in toiptahm.^ The fiimi solution yolvuae vais about 
5 mi. ft i.O ia CrPy^/Py^/TBA solution 

was usedv. !^ suanarlzed; below in .Tablio 



r 30.-. 



• • - • • 

• : • • ■ 



. •/"Bie.^Bwte -diivRimv^ .was ■ ; ; 

; ; 'folioyi&d- i^9iEp^ti:\.l.8/i^^ ^kh .soliibion ^(3.42. 
]ijBol},.in tdiut^ 

5 f or c^clphexM thi CrPyj/PyH/TEA ; 

■] .sQitttion . • - oniiiie cixbes^oi^to iyas ' i^esent in 
' the risactor^ 

;soiatibn vflb .iue.d< . i^ i>elby in 

' Tba prbdedura 1008. %ras 

. followed axcc^t M 

.ptepairation o^ n <^^^^^ splixtt A 1..4 ml aliquot 
of . the CrPy,/7£A iBplHl:ionil Inf pyclohea^ia, was ,U8Qd.. 
^5 raie rMUllUt : suiip^ p^iom in table mil. 

> / r described in Run 1009 was 

foliowed ekiMpt m ncAt FyH was adted duri^ the 
; p^ A 1.4 al aliquot 

!20 of the brPyj/d^^TO^ toluene,, was. used. Thixs, 

ah . excess of toluene was jpreseht in the reactor. Obe 
^ results are suniaariziBtd below in Table 3CKIII. 
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:?4vV^"^*^:^^ .wa8:^cdiBbined witli 

;V>;"'^/\/"-:'i.v of 

dirk vb^^ ■ " 

;(BXcijBai-^'^^ which- 

20;; yrf^miJi^^ used- as ; " 

:;-^:;:jit!:(C^ systea ai^ ' 

^ ti^ :aj[ui the^ . 

: ; Bliwrt&d, with ethylene 

. ' 3^ aumariaed below' in -Table *, 

V TO in Run 20oi was 

: follQW^^^^ chiloride wa» added in 

rJ^^ iBOlution. 

^^^^^V; m ml (7.5 'mole) of lieat PyB in 15 

mi;irt^^ -S.O- al of a 1.9 H 



■••••«« 



. ••• -■ - ' ■ 



10: 



20 



':'isixi^^pj^^ as ■^t^ic■■•. 

vUrider a coMterfl^ 



is: 



30': 



35 



mi;- :sy8tei|i/and^ ' 

thOT^^ with ethylim 550 pciigr and t]|^ 

j^^pti^ ^^^^i'^Sf ^^^^ 

■^on;..d€max^*..;*^^ :"■ ''--^ "'^• • ■-•v " . ' 

Mt;v,V.^;-^^ V . - • ' ■ . . . . ; . 

■••/>;.\x):;3l^ip.^^ '%" Cr) 

wai3 COTbJta with Qvis (1,8^T^^ PyH in 

'a6'j'il;oif ". t^piuieme'/^nd %t • 1^9 »1 of a i H ^ 

l^^9^im^ addtiid and 

tisk^fy^^ solutiq^ 30 ninates under 

whic^^ solution. 5ri ^ 

/mi bip a 1.9 II (9;7 nimbi) ^^letlqrlaiumlnum chlorlda p 
(DEAC) soltitipn in^ toluf^e was ^ the 
cfEiv^H/^ soluUon yas sitlihred for 0.5 hr, • 

whibh resuited . in a dark yellov/brown solution. Bkcess. 
Itoluen^ aiid removieid: from the dark 

yelioV/brq^ via vacuum 

stripplAg,,^^w^ remaining. The 

^eiloH^rd^ ,pii/va8 and brought tp a totfal 



;-'^^:-r;^.viOL"-;V|J'i^ ' Ji^- 

.^t^•^"^■^■■■ .•■?i5. ■■■•■'aiiiut^'^^^ 

■■^i ^..'y::^ . .. . 

"-^r^ ^ ' ■ ^ id 5 • cfe^bi^Ba -witJi 'j^^ <l*-73'«liple) .^«^*a^ in l& ^ 

;0 .■ J' V ■ irtiirrfd- «or; 5 »i*ttfeii: ainbiont , 

■ ' ■ V''>'.t««^i?» ?' a. Iv9 M .(,3..4.2 ■ 

; - r 30 ; via Wean^ atrliapiiilf/ Whicl^^ 0'8 ^ 

■ ^- 'iyaiM. '-'TOid^.i^c^^ oUbI- (15..2ng ■ 

■Jl " nonw*'; Cr«*«^ ■ •taidard) . ware -charged / ; . 

■ 315 dlrac*ly^to^ 

, bojwtalMd iw2 U 50 pslg ot 

aikydr^^ ^(Hj) gas waa cfaargad to the reactor, followed 



■•.c •• ••• . 



•••• . **": 



' • • '■ 



'v t 5^^^ 

c^' :&[^ 

'[ ' v"V jrv'toiixex^ , iTBA; solution 

^'--iv.^yia-^ of CVdark^^- 

: yoil^i*^^ :«!^^ quaiitity of a ii^t- 

: j/y^ l -of^the 

Byst!Biii/cr^ 4 ; 0 ni of nbnane 

•*'"r?i'?^'--(reacto^^ dirtctly/to:.a 
.■^^:25-r'. 2^ilterta^^ "'O^C* , vhloh-'cbiitainM^ 1.2 

preaaiirlied wi^ palg and thejcoaction 

ima run f ^ being fed on 

' dmand. \ \ : '. .= \ '* j 

30 ililav results! . 

Ilii prbc^Aur 

\ ^fblloWiad extsept 1^^ reactants were used and less aging 
itdaer^S" used..- ■•' 

ixi 9i 5p6 ibA Schlei* flask 0.25 g (0.432 nmoiy ; 
of CrPyj (^^*Ji wt. % Cr) ws c^^ al q% 



. ih: toluene .-;-/:'^.0' reai^tix^ ni'xturje 
^ . . }j :aable^ was - 

^ brown oil 
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remisyed' Via yaGUuii: iG|£rip|iiiq[>';^^ in a dark 

, ^sri^l;-^ to a' 

"iha 



total vplulie:: 0f^2 
■sdlutioh^ppii^^ 9iB.: 

.tho'wrt^l^ \^'X'^\'(-}-')^^ '■ 
''' l^'^df^:- * • ? • 0 Bl (8 . 8iB 

. soiution an9 4*0^'n^^ 

^stjEUidard^ a;2:lli1b^;a^^ [ 
iwictpr 

pyqiohexane. • The^^^^TO ^^^^ 

etl^liene V to ■ 1^ reaction ws r^ 

ainutes; Vltli .atbylcm^ '^von 'doiahd, 'r\ .^^ ^ 



XXIV. 



She .reiBulta kre sunarised; belov in Table 



Jim 29g7 



The #rMedtire described ih ihu 2005 . was 

followed 

■:trifflerization -ieacl^ 

'/I^ 9 (3.f mnbl) 

of drPy^ (1^^^^ wt, % Cr) : was co^ with 40 al 6f 
toiium0.:iiid' 54 i^^ TBJk ^solution 

in tidiuenoy* Chili re«uiting diair^^ reaction mixture 

wnas stirred for 1 hour under dry nitrogen; Ji&t anbient 
; tdqperatur aiid pressure. Excess toluene Was removed . 
via yacvniB etrlpipi^^g^^ ^^^i^' :^ 

yeliw/bimm oil and VuraAll^j^ alilight- 



colored ^pz^cipitatie. . The dark yeilow/browij oil was 
separated, cpllept^sby syringe from the pijiecipitate, 
L^knd used as the cdtalyst system. 2.0 ml oif the 
catalyst sys^ dilut^ with 27 ial of jciycloliexane 

and aged .ipr-a dairs undiar dry nitrogen, at'|afflbient 
toiper^tiira^an presisure before wing. .|| 
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-1 
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' VtJnder^'fli -bc^^ mL (13.-5' 

vgi: 0^> - . iystinii/cyc]^^^ 

; (reactbt iiite^^ directly to a 

2 liter ^ktitipc]^ Mac^^ : B0>c^ ,^ t^ic* 1.2 
litipSrs-jp^^^ 

'inf^uri^ ,ind- '^e' :reac±ion ■ 

■•^;s 'riih:' £cir-3o;/mj^^ on 

/^T^^^V/J:\ ■ ■o:.:2B^^g^(p;8.p2-^^i^ Wks cQWtoixied 

■ ytth^pvi? '-ail^vxii.^ of iieat: pyirrole .in', iq..M • of ' 

' toliiene'' 'ar^;''Btln:^;^ dry,.-nitrogf<mr ' at; ambient- ' 
; tcp^ieratvu^ au^ 5 nliiiitesv Than, 6. 3 ail 

p£Mft i.;^ II (i2.^^^ was 
added. Ttae resii^^^^^ reaction iiixture was 

Stirred for 30Jaiiiut^^ nitrogen; at ambient 

tiBx^rat»i3^^ .^resiBvre. , Excess toluene was removed 



25 



30 



35 



via vs^cuim strliii^^ in a dark 

Valibw^^brc^ oil . All of the' dark yellcw/l^ni^ oil was 
^diluted a Vpiu^ of 25 &1 with cyclohexane , 
resulting in a solution containing 0 . 0112g Cracacj/ml , 
which was used: as ttie catalyst systeia. 

Ohder a'boimt^ 7.0 ml (15.2 

■ iasi- ;0. 293 mmole Cr) 6i the catklyst syst^cycldhexane 
solijitlon and 4.0vBl of nonane (reactor, intiirhal 
standard) were dterge^ liter autoclave 

reactor at 86*C. , which contained 1.2 liters of > 
cyclohexane* The reactor was then pressurized with 
ethylene to S50 psig and the reaction was run for 30 
minutes wiW ethylene: being fed on demand. 

The resulte ..aire summarized isNBlow in Table 
■XXIV. ■ . ■' ' 

Run 2009 

. The procedure desisribed in Run 2008 wias 



^0: 



•»•••• 



;-^8-kd4fid^ ,miai*ure:: \, 

i anbiiiii^ ^tdiqi^^^ Bs^ess v toluene ^^ra?' ' - 

:r£iKr^^ ii.daiclc'-., 

^Tj^iioi^^ oil .-was • 

rewlting i^^^ l-f^^^ »9 .Cr/ml, 



15^: -^^irtich'wae; 

' . IMMr/^^ 7.0 ml (7.39 

. Mliiti^ 

stauhidar^^ to a 2 . liter ajitpclave 

20 ; ruactpr a1k : 80?cV^ vb^ cbiitaihiBd i. 2 lltets of 
- cycloheni^^ [^''VbB xiaiCtqr vas then pressurized v^th 
' ethylene to'5$Q pel? and the r^j&ctlon viae run for 30 
niniitfiif With ethylene ]?eing f ed on denand. 

, • ■ 'Thfli ;';re8ttita-.a^^ biilcw ..in- Table 

iis-. MCiVv . ; * - ■■ 
• '.r 'JBBIL^^ : ■ ■ . 

fThe probedure d^eribiG|d in Run 2008 was 
/ folloved exc^spt^ chroaius (III) <dilorlde was the 
- (bhromim 

.30 : ^ 6«4jL g (1.09 mol) ot Crcl,THF, vas ccodDined 

yitli 0.23 .(3;32 of neat pyrrole in. 10 si of 

toluene ai^ stin^ 

tesperature.^ «^ 5 minuteis. Then 8 . 6 ml of 

a 1.9 (18>3 aaol) : solution In toluene was iaidded; 
35. Ihe reiittiting d^ mixture vas stirred 

for ; 30 uiider dry: nitrogen, at ambient . . 

: teqieral^ B14 prf sisure. Bxqess toiuisne vas removed 




'•v.-;. , • • ••• • 
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'•tr:;:i»;:;\-«.r.:-;- 
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)i^]r--j-Bf^t^ ' .of ..nonaiie ; ' 

^ -(jcew^^ to '.a ; -- 

-•y '"• [ioitisj^e^^^^^ eai^ra^ vas; chiKig^ ' €b;: the. ." • 

/ na8kr^i:,9'8 ' g ^ (3;4-^miil) . ; 

:'25 \'.;;t61u^^ ' (102. 6- OQBk)!);-.'!^ 

In nlkturo''-^' 
; "':TO8 ii^r^ tpjt i!^^ ambient 
, 7 tftaj^^ • ' <urid;> i>ras8iuu^ iBisecees' toliiene vais 'rei&oyed^ . 
- ylfivyaciiu 
3d : ye^pv/brc^ 

■ ; .;'coloriQ^- ■ ' 
.-v^^'ivaepkrated^^ boileote^'; ^ ny^ ixcm - the preeipltatei . . . 
^;aiKl>usctdyM of the : ' 

; - . catalp^at systMa was diluted vith^^^ of cyclohe^ane 

35 jand aiged for 3 ' idays under d^ hltrogen / at aaiblent 
teaq>erature..knd pre88ure\'ibefore'-.'u8ing •. 

^ Uiider. a cbUnterflbv of etliylene, 1,0 ml (16.9 
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XXIV, 



'•:iraii'-:Uie?<^u:diiiiiSB ■;■='•■:•'• ■..■,..•■ ••-: ^ 

■'■il. 'iof - a;%^9, |f:";^l2V75'iiinolJ?^ in -toluene. The , ■ 

; r«sult4n£4ark^^ nixtu?« was ptlrred for 

^'30^■■ainutii !iMaW;:d*y:;; li^ti^ ' at- anient ,€«w^ature 
, and' ■•pM&ui:ef;;'':.i^^ ; vaa rwMveifli'. via' vaouuB ■ , 

'atiiii^ii^}-:^ihi;^, rMUlte^ iiilja.^rk ■ jiallav/broim - oil . •• 
:aii;.:a-:ffl^^^ bf ;a'ligfat-<?bi6red' precipitate'.^ ■ 

lie dark: y^^^^ tlii filtrate 

oyciohexanei, rieul^iiiii^ ' in a 8olu<:ion contaihini 9 . 012 g 
Coaip6ui4 r .«* <»taly8t 

■ .eystMi. ., . '•; ' . " " ' "\' 

tJnd^^a 9' ethylene, 7.0 tl of 

toV ^taiyiit eyrt solatipn and 4.0 b1 of 

n6nai«. ([teactp^^ charged ^ 

diractif to * 2 liijBr^ a sb^c., «hich- 

eontainad >. 2 : litere «f oydohexane. She reaotor was 
lien pressuriied with ethyiehe to. 550 psig and tlie 

r reactloii waa naiv f «c; 30 m^niteii with' ethylene being fed 

: on, jioftand. " .. - ' ■ 

•ae suiamatiaed below In Table 

XXIV. - i/v ••' 
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' 5; . ■ ■'';toIueniB|>t^ dry' : " 

nitrc^geii^" ^-kl: :\Mbi*n^o:tiSii^r^ .for" -5.. • 

- \'-;.b^bvn reaction'' -m^^ ' 
•10 I '■di^.,^iti^^ pressure. ■ " ■ 

■ • ■ •;ThiBni'.v.2,. 0 •: 6 jyan'>^ (6" •4' P/Al 

V; • a|pi» '\ 
-'^ajM^ (i9M-);r:^hereln *v: 

incori^w = ' 

15\ 1 sliunry Bikin .12 hours. 

T£i«i prpdii 

. least tviee vi±h Id al^fdiquote of toluene 
. : filtrate and yacuua 

dr.iedi^ ; ffie;^^^ 
'20 ^ ;ca1ialysi-;8yatra^ "^^ 
A 2^1021^^ 9^^^^^^ pf tSjl solid catalyst 

systiftt y a counterf loW of ethylene to a 2 

litmr. autM|Gleye. Ota liter- of iBdhutane./- Prior 

tb ^e 6ak|uy^^^^ O^a^S b1 of 'a 16>5^^^v^^ TEA 

2i5 , solution in lionu added to tte reacto^# in order 
to neutralize any ethylene feedstock poisons that might 
be prment. The reiaptor Wu 
' additions ras ; stoppeid 1^ 

. riMched; the desired run taqperajture / for exaqple 90 * c 
3.0 ^ ilie ethyita pressiire. was then increased to a. tiptal 
. reaptor 1^ of 550 pslg. Ethylene ims fed on^ 

denand tot a 30 idniite run iiae/: . M the end of the 
run, a iEiaiqpl^ of this liiauid reaction product mixture 
was coliectsd and analyzed via gas chroaatography. 
35 The r«n^ alxture vas evaporated and the 

amount of soild product was determined. . 

The resulte are summafised in.T 



.:• •• mm 
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■ ■vs?.^ ftoiljow*^ FlIl^F^' -i*^ added; to 

^iobluii^ iwa^ ■ 

■■-is:;-' - Btiri^:;tOT^^ ■■• 

• ••V'"^s|uSp^ : iotivat^ at =..700.*C.') . 

rtsulting ii^^ jrtiinrj&d<f^ jet period^pe iwroxlaately ^ 
20 V 12: ii6urar, :>Tl^ 

r ■ Hnsed^wit^i^^^ ^(iiqii^ ^ 61. ; tplu^e'^and. =■ ' 

pcwitaM,^ 1^ filtrate, 
^ :and;%acu«a^ (ilriadi*' -^ Tfte^'^^ :ptCHtoct •U8ed;:ap._a^ 
^-/solidi^B^ ayatem.- 

iyatra Wa adted > oouhtertloy of ethyliBhe to a 2 

it^r a^ of ifMnirtan*. Prior 

• :;io'tho*^ oataiyai cJ^tgeV a.O^a^^ of ;a:l,i5 .¥t% TEA • ^' 
aoltttim 'lUi: npita^ order to neutralize any 

30 Ethylene fiaediBt^^ l^a^ might be preaent. The 

reactor ma ae^ied -^ind ethylene add^ion atop^ 
:^!tJi^VM9^9tor temperai:^^ riM^ed..th0''dM^^ nm * \. 
; tea(rti*»twpe The ethylene preaaure 

:\ waa. incr«iiie^^ preaaure of 550 palgi 

35 ^Btfhylene vaa ^en f ed on demahd for a 30 ninutea run 
time. At the end of the run* a •■all aanple of the 
. liquid reaction prioduct mixture waa collectied and 



anaiyzed via gaa^^^^6^ Tha ' renainlng 

-rMctipa^i^^ aiapunt of solid 

^'dUi^XBlna^ - 



' • • 
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|lia;::;ra^ in Table 



•; v ;;:':\;:^-V:;Tha.;]^^ was. 

..\ I:.. ;^Jfoilbf»N^ chro^duiii^ and^ no . 

. ^ib ':'^varbi^ip} i^aOyai^;*^ :'ayvteB-/ 
■■ V - - 'i^rejAntlon'^>: ; '^lii^i'-: a ; atuiqpoz^aii -.catalyst' aystm ' vas ' - 

■•pr^ate4'ij*-^ '"' 
V::/ : ;•• A.;C2M praj^arad' by^ nixing 

O.^^g (0.*^a^ BBole) PyH 

\ : 15 In lis i^/yo^^ for 4 days undar dry 

/; nitrogen //at and presaurer prior to 

: ttfag^; 6;49 g%b¥ an;:alu^^ suiqport (0.9 P/Al 

nolar ratio, activatad at 70b*C.) , prepared in 
accordlahce yith U.8._^4^ 
20 reference/ aiid 2.0 el of a 1 H (2.0 

ipoi) IB^ hluoihes were ^larged iinder a 

ooiunterf iov pf ' ethylene to :a 2 liter autoclave reactor 
iat anb taiqpexatu :!Iheii, : 1 lit^r of qrclobexane, 
2.1 Bl: t4J32Bg; j}.0 of the CrBVW 

25 solution, and 50 psig dibyd^ (I^) were charged 

^ -the., reactor. 

The results are siuaaariaad belov in Table 
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: " ■ ^3v5- g . :(iO- a. lOO' 

;BlvPira|^iu^ the^tube 

.r*5''\; azid. -^o^ 'tid^;Ci^ crown 'cap*. 

lithium *' 

: ' ; v. SQlHti^ if f^cipitate^ 

;"...^;'^yaa:^fcM^^ 10'']Bl'-- 

•r:<8olvticm of ';5.59- g\;aolid-'Wu';cA>tainad.- O/S 

: ^ air Of a I i 1 H y(P i 55 TEA^solutibn in hei>tane and a 

x'f^si^m vara usad.-. 

15 Cih^ ra 

■ Run'^ idol. - ; ■^'l^-' ; V ^ ^■f ;■• ■■. ' .. ' 

' '^jV, .--'^tt ;.;rairaltB ' i&ra'' sipB&ar.i2ad'' balow in Tabla - 

20> . - / . /Sia Bun 4001 vas 

ipllcjikA tha aolld c^talyat coqpdiiant (88 mg 

imlliaictiid) mi prajpudd ^ i^^ tuba uaing 

0.349\g (1 a^ 5 Bl toiuana, 0.14 si (2 m&ol) 

/^PyHV and 6<.^^ lithium 
2i solution in haxatla. . . 

0.5 ml of a 1.1 H (0.55 mmol) m solution in 
haptimas and: a cyelp^^ containing 16 mg of 

tha^ solid vara usad in a raaction undar tha conditions 
: dasoribad in Run lOOl. 
30 Tha Xjiisults ara. sumaarizad balov in Tabla . 

r yacn^ ■ \ . .." ^ * 

1.0 g of aluainoi^bai^ata support (0.4 P/Al 
molar .ratioy abtivated 700*C«)» praif^inid in accori^ 
35 with y.S. 4, 364 1 855 (1982), ha^ by 
. rafaranca, and an 93 isg aliquot of tha solid dascribad 
in i^n _40Ql, varis vaighad into a 25 ml prassura tiaba. 
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•I'lhtfftu^^ 3.;;inl bf.a 1.9^ H • 

i'- tube; via "^^3^1^ i jiljirigj;;/!^ .-.agitated; ' 
^.S^^y ^ml:*a34qio^ . 

, 2 

; . th€i -^TOlj^^^lw ■^ tJie^ • cdnditions . 

'■f^'-'^K Vjhc^^ below 'in Table;. _ 

eluMiiib]^^^ <0.4 Ift^ ; 

15, - mblarfiriM^^ 

vX:inq^^ ai^ ;'an aii<pid!t:-'(S^^ ng).- of '• 

.;"^tW into a 25 

• : •'•■^iii;,-pw Was/caHpi^V; • -3 ; 5-. ai; .tolueiie:.. 

iiidv^i^ 1^ in toluene 

wBjra a The resulting 

,Jiiu^^ . !rhe. -eolid' was ' ^• 

a^ tbluen^ and 

::o]iHB vadi 

■ .iadiution^ • ;^ ^ . " 

^^^^^ V !^ moil) TEA solution in 

; 78 sg o^ 
V the' solid :%rare^ in a reaotion under the cmiditi^ns 

.'as: 4eiBcrlbMEi4 • ' 
'30' ::^ ;v;v The\i:e8uita * are\^^^ 



20^ 



25 



(Ov8i^^ 17 iiU^ ntoat ( 6viB7 iDmol| : 

V and 10 g of 

15 ^ ; Btrt^idi^ a contrblled 
; tuBBipttat^^ 'it' ^70^C.',-"at ^aiakide^ prmnsnn, . and ,. 

> " agitet^ hdut8,c;a;; 

saiple of product aijctur^ was 

■V coilepti^--^;^ via ■gas- c^cpaitographx : The ' : 

26 re^ BiMiure vas 

^.-;ieyap6^^ bf;:.8olld product^yas . - 

y : Thb pr(><:«di^ 5001 vaiB 

f bllbvad (BXioept no. eieceas alhyl alunlnun campoiind was 
praaeint lii th# reactor and , the catalyiDt vas derlyed\ 
' using 1^ Colloids. 
30/ Oi^ai g. (0* Cracae, was conblned . 

with 0.12 1^ plyrrblb and 15 si of 

' ^toluene*. The reraltlii^r soiut^ stirred under dry 

nitrtigM at ambient . tesq^ature and pressure for 5 

35 solution iny toiuen'e tias added. The resulting * dark . 
bromVreactibh nixture was stirred for 5 ainutes under 
- dry nitr^ and pressure. 



X. 



.." •/'^v. 



;i'-»Btet^^ •■ • 

■■'■'. [.i ;^*;;^a;;3^ta^'pf tine;. _ ; 

is iireiulnir^ jptc^luctiia^ vaa eva^^^ and 

' the--amoiint''.o^^^^^ ' daterBtnedi-. 

. Thet-Ji3;e8}iit8. ara;:giy0ii In- Tailzie., xxrt 
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prior'? to ^iii«t;^aj^^ and absence 



■^;;:>-^^ xttio ot " . 

ei^iwhtai Jc&rim^ aitmliiuai': tb. 1 igand 

''(C^rA^ 'reactor - 

l^B olii 36 ;*10^^ j^^In^^jR^^ ^ooi?'^ d5S , >t£e chroniuai cpiDpound 
idae;^jC^(E^^ Kuna 7004 and . 



20 
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7005 iraa. Cr(P^^ 

^rliTBolmt^^^ ( 1t?Bul) 3) iind ms treated In the 

4^liwiiiig perceht, by 

iieiglttr^:^^^ pjtr^trli^ in heptane was 

addedi l;;d-^^TO of distilled water, steaiiily, 

bu^ In^^b^ flask containing 

the. iablUtibn vi icei water to aaintaih a tieaperature 
o£^ about Xp to J^oiuit : 20*0; ; The solution was .stixred ; 
vigorpitiBtly idi^ 

contijiued u^ was. obsetved* 

Th9i^Il^pmd:^i^ 

Runs 7001*7005 v^?e carried out in a 2 liter 
autoclave reactor. lOie <d)rQmiuK compound was dissolved 
in 400*500 ai;^ anhydrous h-heptam and added to the 
reactor, und^r .a dry nitrogen purge. Then the 
appjcopriate yoluae of a stirred, treatedi 0.31 If 
solution pf i-'Al(Bu)3 in heptane, as described above, 
was added.: Thm, the appropriate voluae of DME was 
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^^'^^^i^^®^^ 25. nihutes 

a €0 •* - ^ 

^■ffie^;5^a^ 4(i'rV. to 275»C, ■ 

^^iratajly eij^t^B^ 7ip06'<!7p69 ^wc^o prepared In" the 

\:Pi;^d^Gm. 't(^i|MV>kn ieuraimtlxs^ 
.1**^ 7010-7013 Were 

/-PWiii^ TO oneaturated ^ 

;.^lp}u[tie'hydr«^ "^'v^'/V. 

"V-^ \'"/;"'-vv Run 7006 . '- 'r - 

^ 3-72 9 of tl*«(t^^ 

G^iiiM ifith 50 nl tioliiiane* Slowly, 26.4 al of neat: . 
,(1^3%) T» stirred f^ 130 nihutes; Tte: 

slurry turii^4 *Mrk broim. Ei^isess solvent was removed 
by vicu^ resMltin^^ di&:|rK ysllw 
sblld^v tto)|^ Th^ 

:>^e8ul^n^^^ product vas/^f^ aid the filtrate was 

diluted to 200 1^ wlith oyclbhexahe and 8 . 0 ml were 
charsed to ^e wiaclior, ; The product opntjBiined l,67 ng* 

"cr/BOiv.: ' -'V ' ; 

■ «U» 7007 

: : . <);35 g of <3hr(OTlW(lli) et^ (CrBI^) 



^yai pbiOii^ fonilng. a 

• Slovi// s.T'a^^ vas - 
:\adk9^ ^ 
'larovn^^sp^^ apiYtat- was raa&oved 
- by ygc^^ intb^ about ' IS nl 
jcyqloh^^ .and ^ 

liiia ^fiaibz^^ to.. 
./'f6ralaf-;'gbi^^ al .vara. • 

/ c^ajp^ cKmtalhad . 0 g - 
^'q^SS^^ "■ ■• ' :[ 

;'|biloirfflil;^ ahfl;0i:i3>Bi:'o^ ZiSrOHP'-ware 

fc^':l^ TEA solution In 

tqluiene viia aMad to igiyil a brown to^ brovii/yallow 
sbliitldn aild a prac^ Tha fln^^ product aftar 

f iltratloii im with: cycl'bhexanb, vas 

a brigbt' 0.0088g : 

2^070 g of CrI>r3Cl v 70 &1 toluene 

and TEA solution in toluene, plxed and 

fiitjared. IbfB tiltra^^^ about 20 

bI byra dy^^ broim, solution vas 

filteirbd Thiuif- .a^ of pentaha vas add.ed 

to tba filtrate. > After abou^ one day, the solution Was 
vacttUB strijjpiped of excess ablvant. then 38 • 1 g of 
aituainb-^piiosptat^ 0.9, actiyation 

at;- 700*9.), preimrad.lji 4,364,855 
ifjure add^; : The; si^ stirred about 30 hours, 

^e solid vas eolleot^ by filtration and vaahed 
separately vlth . toluene, cyciohexane and pentane. 
0.4388 g of the solid catalyat iqratea vera charged to 

• the reactor. ' / • * 
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35 



coiDtoijriid>iiii^^ ■^81owlyy?X).75 wl of 

\fieatv(93%). ;TE»%waf ,a^^ brown colution' and- 

'a^attdlq^ . :/ 

'mlniitas.-r'lbcc^ ruoy^^]^^ .Thej ' )^ ■ 
- reeliiue • vaa -: .co^ractiftd ifii 



aliQUt ;iS: Bl/cyclbhaxanei 



. fl^tMr^ a^i^^ -25. ail. with^ 



readtor. 



c The iprbibedi&fe desprjLbjBd In Run 7010 .wm: 
}q/!f olibyed , • axcwg^ catilyst . iajfrnUm, in ' ' 

15 / 8.0 Ml v(Pxb67 g) Wan i^ai^^^^ the roaistor. ^^^^^ 

— / /ib.a6 g 15 Bi 

l-hexiane/ a^^^ 

l^p nl^ of neat (93%) 
ExcesB 



broBObtttancr m • 7^Slpwiy ; 



TEA, yal^ a^dde^: and stirxtsd for 30 alnu|tes; 
Bblverit vas the liquid was 

.extrjBUBtjad^^lA^ The resultant 



pzt»0Uet Wai filtered 25 

/•mi:/ilitt'"cydl^^ the * - 

I : 6.^1 g t»a(IOT was combined 

with abQiit 15 Slowly/ 1.0 |d of neat. 

(93%) ISI^^W^ 

j^r^cipita^^^ aiid stirred for a^ I hbuir. 

solution was decatilbed of f and .add(^^ to 1.5 g of 
^aluaiijiophosFb fP/ja iaibiar ratio of 0^4 , activation - 

at 7pO*C.)> prepared in accordiince with U,$, 4;3€4,855; 
^- were' added. '--' ■ • . 

nie supported qataiyst syst:^^ collected 
:by fll|^at^ri;^^^^w^ ^nd drUd uhder a 

hitrogeift purgis. b;63;;8 g of t^^^ soil^l catalyst systsn 



were ^charged to the reactbr . 

• Ruhfl 70^ wii«*^catried out in a .1.2 

liter autop^ ^® 
hetirogan^ itiadC : cajtaiyat iv«taM (Runa 

7009 and 7613^^^^^^ 

f will^ii iad^ luxv^itl^ and 
;>iaira.j^^ liindir a . • 

• ibuiittu^ 'imtiyiii^ gx^f^iY':' hi^Bogaiiaouc , . ; . ' 

liqidLdj?^^ 

ihd;7dl0'^dis^^ jcyicohJi?^ and werct 

addad^ to' thi ppiymw^iaation : reactbr under a counter- 
tlw. bt ethsrlto^ V - ^e raaicrtor was aealed 

aM ethylene^ 

/^todiperatu^^ ^o\c. ; 

The (ftthylene prdsaw^ Inbreasad to a ' t^tal reactor 
, pripaaure of tjben fad on deaand 

f or ar3P-»i^^ At^Vtha^endf • 

iaai^ii of ^to^^ prod^ct mixture vaa taken 

Md a HP- 

saaa^ igas \ch^^^ KD detector. 

'i^^^ ^^ir DBrl coltum with a 0.25 m ID 

aiid a d;25jU3filii< The ga^ waa ^anped 

; frc» 4br^ irate of iO'C./»in, with a 20 

aiiiuW hold tiiie. Itae rasainihg reaction product 
ai!N±ureJvM the amount of ablid product 

; prQ4uq«id"vas detafrmined.- ' 

ilii reault^ ^n Table 

mx/ belov. 



' i««9toc<^ : detriaiMta to ' ./ 

V^-.he»^ .-ln'high\ 

-^cOrCf^^ in^tolueiiQr; with, 

; iutoaitiura^ jii ^^the;- piref erred ; . * ; 

Ihuis..'-8b0l-80l^ veire 
•" P^"^!^^^ procedure, ■ .in' a • 

t>rpiMl : pr^ iBhri»iuBt^ 2-ethylhaxanoate vaa. 

iff 4f aaoiyed iji ^iue^ 3 equivalenta of Z, 5- 

\. • diifi^^ (or J^dirogen pyrroltde for Run^ 8014- 

^ ^ ! ''^'^'^^} waa added t«i^^^ T|» dealred aaoimt 6f 

: : - td i-adi^ tbsin 

: " ad^ 

25 triethylalu^ The reabtlon mixture waa 

a:tijqred for 5-»10 aini^tea andytoluene vaa removed under 
V yapiui. ; Mte ligiiid residue Waa diluted to a total 
'/ voltM of -lb nl with cycldhexane and an allqupt vaa 
daiarged tb t^^ the catalyat' ayktea. 

3p ■ ; : vere canried 

out in a 2^11ter aUtooiave i^olytterisation reactor 
y • bon^^ining 1 « 2 ;iitera of 85% cycloheseane ais the reactor. 
'- diluent. Catalyat ayatea vaa charged to the reactor ' 
followed by addition of cyc^^ The reactor 

35 teiqperature vaa brought to 80* C> at vhich point 

ethylene vaa introduced/ lU^^ pr^aaure vaa naiintained 
at 550^ p on demand. Bach reaction 



I 



^,%rai&lrun itor 30 mihutcls J^wia^shutt ethylene.' 



Sjoa^es^Tyei^^^^l^^ analyzed . 

9>^S chrc»Mtq^a]^ ln;^dther examples. 

'- ;\itoe'-:.re8i41^^ ate . 
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The dati In rTablje- aihow that the 
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: c seJ/activity tc^^ the order 

l<ci<Br ^^^^^ ■ additives consistently 

' ■ ^havi ^th^/hi^est 
■.5.i*. Jhexfene-doBflpM^^ 
\ aMiditive. X ihie 

fbraed<V^!ntie:r^ 

■ " • tends'-tajincrw J:in --the 'Order 4^Cl^Br . ISips, / the " use 
la - of ^hjalid^s^ * ■ 

• • cleMet/trlnM;^^^ "welii ' Tli^' activity Jbf - the • 

■ '/ •.catalyst:;syi^e»7 
, ' "^s^^^ t:he ad^ ci ja^J^^SH^^ 

15- ; and..AlX3S^;^^ -V- =^ / 

* thei|iata in;^^^ also shov ^at the 

'\ : -trend .in 'laiijk!^^ and :actiy^- can' he ' • 

extended to caicalysts obhtaining ether psri^olBB , as 

20 / ^ ;/ and 
^ teUctlvit^ using^-GeCl^ or Sxic^ as Ishe 

halide addit^^ 

j«electivi^ l^idP. V^iex«ne|^* •^^^ ^fected by the 
ratio of ^^ide^addit^^^^^ making it 

25 possible to obtain high selectivity iron: other halide C/ 
'additives.''- 

' ■■/ ; ; / '•■■; 

/ In the following ExairqpW; Runs 9^01-9*004 

dettonsttrato^i^^ qiisatuirated arpsatic 

30 hydrpckrbbfii be d^itiriaeiitai to trlmerization and/br 

ylligbnerizatibri. Thus, !i*en a Catalyst system isc 

y?Wapa?ced ih the presence of a^ arbsatic hydrocarbon , 

J such as, for exaaple, toluenev reaoval of exceflis 

aromatic hydrwarten is pref ihe resultii^g .^^ 

V .o/^ . liquid is then oi^ dtsspj^ed intc- a desired 

solvent, such as, f or :exaaple cyclohexane or heptane. 

While not visliing to be h^und by theory, it is believed 
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t^t' ah kromat^c hydrbc^^ with a monpaer 

' tq.;te-^^^^ for' • 

^^i^^^m^^ sLtii 'oi'-.-the ..cajbalyst* .'. 



:;:-nfajflv-it lis iNBli^^ tlurtJ tjiiar.^ canf 
•liihiblit Tcatali^ u^tki-:^ •;. o ' 

•/ ; • ;?*h<^,^.ca^ ..Runs >■ 900I-96of . 

ws - prepared uslri^^^^^^^^^I^^ ^ 6t (dirdmium(rii) 2- ' . ^ 
>ethylhe»^ " 
i (3 .2;;molar.^^iiu :6i^2•;S^^^^ was. . 

■ added to: tte soli^ 

equiyalon1i[) of:^^n^^ added, folloyed by 

t^Vb ML (2l:TOiM::e^ 

:.Thr:|iixtu ' 

. 'ims r.rei^eil wder v^icrau^ - The; liq[uld- xeBidue' va9 " • ' " 
dlsBblvj^^^^^^^ and then 

dliulb^^::^^^^ Qt^ M nL With ^additional . 

c:!irt^^ mL, of thie^ eplution yaa chariged 

along with the ^^^^^^^^^ anhydrous, degassed 

tblueine (0, 5^^^^ to the reactor. 

; Xhe triaeri^atl^^ were carried 

put in a iriiter aii^lave polymerisation reactor 
cont^ning 1. 2 llt^^ of 85% cyclohexsuM aia the reactor 
dilucsht. Catalyst system Was diarged to the reactor 
followed by addition The reactor 

temiMdrati^^ at ^ich point 

iathylehe vjblb Jintroduded • The pressure vaiB maintained 
at >S(0 psi^ ethylene f lad on dejnand; Each reiactlon 
was run for 30 minuteS: before siiutting of f ethylene. 
■73m total . ambont of ethylene coMuae fedi, was 



The results of Runs 900I«*9004 are given in 
Table "xxxi'... . 
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Run ' 

9001 
9002 
9003 
9004 



: Toluene i 

• is:- 



Toliiene 
•> -Added, . 

d.oo 

^ 6,42^;- 

^•'0..83-y. . 
< 1.25. . 



Ethylene ^ " 
Consumed^ 
After 30 iiins^'*^ 

q ^ 



184 
160 

127 

ib9 



11^ Baaed oh total va^ 

?^ Not' adjusted for Boi^^^ ethylene in 

- 'cycloheaMe;; ^ ; : - 

/The datiit in Table XXXX shov that the presence 

Of ..an. aromatic hyd^ toluene, can "result 

in a >ighif icmt: ^e^^ in the activity . Qf the 

catalyst systra, as aea^ured.by'ethylem 

This deorease is propprtioml ^t^^ anount of aromatic 

hydrocarbon added to the reactor; 
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V: 



-•iE-S4±.;S;S^^^ r'^!:« -i? •■ . 



t: 



■ • • » 

■ • • 



:**^*^5:^8^ xylene/ 
■'•"i^pjwje^iS of. 'cialiw';2-5i'^ which 



ve»i «p ;. ■ 



• ••• 



■ - . r. • • • 
• ■• •••• 



f ; . •* ^pirwsef ifi^-^^p ;ortte. preening' ■.■ 

■ -'^^^^ '. ,'VliiaMl^;;iiil4v vi;-;c*r!^um, =Tii!i*el ^ } 

.■■cobalt-,- i»pny "■ol,]^#i»^ J'.-' '' 

;.A:'pjrs>^ei^'.:-^^ elatin 8 , whierein thii netai 

■soqrc0yvi8'a;yoKr ...•■.•':■'"-•■."■ 

. •'^«>roin ;;?»*ld:;;^yr is' /parole 

•or.- ivi-(Um^thy .^-V ;vf ' •; ' - ; 

•iP^»Bes8.;ac<?.ordl,hg- ofie .6£'''thei 'jpri$>7ed'ing''' "' 
clalji^, ynerein the.iMtal of Ute to 1b eluilnua', 

-l-^'r^ ^':^^^!'^':^'^^^^^ 'i^ oXaiiB 41,!' vharein- Miia ' •: ■ 
\n«^al;;alkyl 

' ^^1,' .. to- plain- -12,^ wherein :.'8f 'id;- 



. said'. 




-^i •• ■ 'ia..;:f:^.;:. :-^«:A^ process vhsrsln ^id ■ • 



' v•rl/•i:^■■ 



. . •••• • 



. ..i.;... jWfai»elxiiR;c^i^^ x; Is a' halide, 

i^V^I^i-iv^-v^^^ 0 /*^^9C!^ 2PV'-vlisrtJ^: 'till/ 

j.^-.^.;^^^ '^^^v''- '- •••A;PtrbceBs;>iccox^^ "any one, of- - the- preceding ." 

iA::iAilcA^ t^^ resiaitihg catalyst systea has a relative 

; • /-/(bK^naii^ ths^pyrrolen ' : 

^":['-:' and, -.If present/. .r./ ■ o 

^^l' ■^ i J/y^^ l^ halideV:/: ' 



I.. 

•; 



-'a?. ^ • ' ;^A- proiMsii; accoridi^^ -aiiy.;o]ie;6£' this .preceding / 
: cs^Lai^i, vivich .is out invidie^^^^ of oacygeti and 

; V-:v tOLaiiir one-'o^ preceding, 

■ ■ pcni^pw of the nietal 
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25.:;"^ A .iptocesr catalyst ;;;syst comprising 

reacting\a/inixture'ofi ' - ' - \ t ' v ' 



cPyxroie pi: a /substituted^ 



10 



15 




: .■ (c)v' V an ^elMt^ Pai'^^ dojibr ^ solved md reacting 

th^ ^ TMul t irig ; 1^ ; aha , if 

de&iredV i^ith an 

"^uhsa^ur^tj^vh^ '-V^^yy ■ y • :- , 

' A V ^process a^qpicding ^tpVclai^^ 25 ; wh^ic^in said metal 
•■^alt •'is;-:a'::ctl •-. - 

'^^^^'-- ^ P^^i^ly^*:^ ^1^^"* comprising 
;'rea<^i>ig^- a ''':.XM--^i. ': ^^^^^ • 

jB isalt p thin chrprhiiim; • 

:a;:TOetal;;;aniii3leV/^ 'VI / ■ 

v^n^^lectron pairj donor; solvent, ahtf reacting 
the resuitin^^^ a metal alkyi; and if 

d,esir^d/' i^^acti%ng ibhe resulting xeaction product with an 
''unsaturated -hydrobafb6n,%--'K . \ * ' . • ' 
28> :A -proceiss -^Gordirig to. claim 27, wheirein said metai 
^^v? A? nic.kel> cob^^^^ iroh« molybdenum]^: or copper salt . 
^? V A {process;; to preipariB- a catalysj: system jcpmprtsi 
.reapting a;.. mixture- -of: "v../' 

-Ca)- .;-a m^tai- salt;:' ;;Vv' ; •-■ 
:,.Xb) a 

' . . <c) ain elecjbM dpiior solvent and reacting 

the J^esulting^ with a metal : alkyl; and 

reacticjg the resulting rfactipn product, with an 
unsaturated a If pha tic hydrocarbon cpihprisin^: less than 20 
.cjarbpn jai^toms per mbl^i^ . c " 

;3ti; ^ A : process according; tb^ blai^ 29, wherein said 
ailpliatic hydr^^^ 

31. A jprpcesB V,.a^^^^ any one ;of : the preceding 

; : claims, whicli ^^comprises admixing the catalyst system 
35 -prepared as a /docatalyst. s]^stem with polymeriasation 
vv c&talyst :system. " \ % ' 

32^; --rh, prpcj^ss accor^^ to claim 31, ; in wliich the 
pblyraerizati^^ system comprises^^ a chromium-, 

tibanium^, zircp^ium-^ax^ vanadium-containing catalyst. 
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33 ; V A pM or, polymerize an 

olefin • cdmSQMna:7\j^^ >carrying but s^i^ 

' triiwrizatibn;:r dligon^Brizatibn^^^^ pdlyinBrization in the 

:^resencet;- of "^a catalys^,-^ cptaly8t/is<v:^alyqt 

^system^ prepf^ei^ °^ 

iprgceding.":cUin*'.^ ' 
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:j5tftajy8y 

^■^;4iV;^^ ;r "., ^^-^ ; A-'tirii^ ;:olicr«^ or''-^l^er^ '^le ^ pi^CLred • a : ' 
^;;prcK^aM bf clalW -33-37 aiid'./4p« 
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;:fpr 'pri|parinigf;.;c^ for 



- 'Bhd ^rw3tim^ are 



-dl8cl<i^ed,;^ inclMJj^ as- 



hydiiro.carbdxi.' ^cA''vn<iEK«ir:-< proem - 



:^obB^^^^ ^ Pernor vsoiym TtiaM 

:uvfflnapjpp^^ bxida wj^z^ if 

; diMlre'd: f^ 

another such as cmtaining . bhrpmluin 

or ;tit^hli^ > tcuri'i'b^;: -u^ v W-'/trimer^^ and/or.^ 

:P©iy5pri|8e-''oie .;V: 
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